The compound, also known as " R 128", has been synthesized by Everett and Ross (1949) , who kindly supplied it for these experiments. For information on its properties and physical constants the reader may refer to their paper. These authors and Hanby, Bartley, Powell and Rydon (1947) deal with the behaviour of nitrogen mustards in solution.
In the course of this investigation it was observed that solutions of R 128 acquire a violet colour on standing for 4 to 6 hours. In order to determine whether this colour was due to oxidation, two aliquots of a freshly prepared solution were kept in Thunberg tubes, one of which was immediately evacuated and sealed and the other left open. The solution in contact with oxygen became coloured as usual, while that kept in vacuo remained colourless after 24 hours. This reaction possibly involves the biologically active groups since it coincides with inactivation (p. 189), and since colour-formation has also been observed in solutions of other nitrogen mustards of varied structure (Ross, 1949) .
All the experiments were done on hanging-drop cultures of frontal bone osteoblasts of 12-days-old chick embryos. Though not very adequate for detailed cytological work because of the smallness and large number of the chick chromosomes, this material was found particularly suitable for quantitative treatment as regards variations in mitotic number and duration of the mitotic cycle. The culture medium consisted of 50 per cent chick plasma and 50 per cent chick embryo extract.
ANTIMITOTIC ACTION OF AN AROMATIC NITROGEN MUSTARD
Three methods of examination were used:
I. Mitotic counts in fixed and stained cultures.
This method furnishes data on the total number of mitoses and on the number of cells undergoing each phase of division at a given moment, and therefore an indirect estimation of the delay or arrest at any stage of the cycle. The number of abnormalities can also be ascertained.
The cultures that showed the most abundant growth after two transplantations were selected, and the explants were cut in halves as closely similar in size as possible, under the dissecting microscope. Each pair was incubated for another 48 hours in normal medium to test the homogeneity of growth, and then the poison was added to one half and the other half was kept as a control in normal medium. Before addition of the drug the outgrowth was completely and carefully cut right down to the edge of the explant in both test and control cultures. This procedure ensures a thin outgrowth and gives a sharp transition between explant and growth zone, thus making it possible to count practically every mitosis.
To avoid loss of activity the R 128 solutions were always prepared immediately before use. It was found convenient to prepare comparatively concentrated mother solutions (1 mg. per c.c.) and then to make the dilutions to the required titre. These mother solutions were acid-as would be expected from the hydrolysis of a salt of a weak base and strong acid-and at this concentration the buffering action of Tyrode fluid was insufficient to raise the pH above 6, but on further dilution (of the order of 0.1 mg. per c.c.) it was found that solutions which were in the range of pH 6 in water exhibited a neutral pH in Tyrode. All the solutions used here were made up in Tyrode fluid.
The cultures were stained with Ehrlich's haematoxylin after hydrolysis in N hydrochloric acid for 8 to 10 minutes at 600 C. (Hughes and Fell, 1949) .
Total mitotic counts were made in every culture. In order to facilitate counting the whole of the mitotic cycle was considered to be comprised within the period between the disappearance and the reappearance of the nucleoli. Exception was made, however, for those cells in which the nucleolus persisted in advanced prophase and, conversely, for telophases in which the nucleus was fully reconstructed before completion of cytokinesis. The line between pro-and metaphase was drawn just before the formation of the equatorial plate and that between ana-and telophase at the end of cleavage.
II. Low power phase-contrast cinemicrography.
This method permits a direct, though only approximate, measurement of the rate of division and duration of each phase in a group of cells.
For film recording the cultures were mounted in an air-tight chamber made with a metal frame between two coverslips and sealed with paraffin wax (Hughes and Swann, 1948 Here a single cell was followed through mitosis on 16 mm. film and the films were analysed at a magnification of 2530 diameters. The chromosome movements can be seen in detail, and it is possible to measure accurately the duration of each mitotic phase.
The technical arrangements were similar to those for the low-power film recording, except that critical focusing and phase adjustment required constant observation, and the time interval between frames was much shorter. The actual taking of these films was done by Dr. A. F. W. Hughes with an apparatus of his own design. The cultures were kept in contact with the mustard solution for 15 to 30 minutes at 370 and examined from 10 to 120 minutes after withdrawal of the poison. The results obtained by this method should therefore be taken as representing only the immediate action of R 128; work had to be interrupted at this stage and a study of the effects after longer intervals could not be undertaken. Inactivation of R 128 in the culture medium.
In order to determine the rate of inactivation of the agent, a freshly made 10-4 g. /ml. solution of R 128 in plasma was incubated at 370 for different periods of time and the culture coagulum was made up of equal parts of this solution and embryo extract, so that the final concentration of R 128 in the medium was 1:20,000 w./v. In a similar way a 2 x 10-4 g./ml. solution in serum was incubated and mixed with equal parts of plasma before planting to attain the same final concentration. Only serum solutions were used for incubation periods longer than 2 hours because of clotting of the plasma, the addition of heparin not being considered advisable.
The results are shown in Table I . Concentrations of the order of 10-4 are lethal or sublethal to the cultures, and therefore normal growth in the tests indicates inactivation of the poison. It may be noticed that inactivation beginis between 4 and 6 hours, which coincides roughly with the appearance of colour in the serum solutions.
Mitotic counts in fixed and stained cultures.
Concentrated solutions of R 128 caused severe unspecific damage to all cells. Dilutions of 1 : 5000 to 1 : 20,000 wt./vol.-74 x 10-5 to 18 x 10-5 molarstopped cell division almost completely; growth was very scanty and only a few abnormal mitoses could be found. Resting cells showed nuclear pycnosis, vacuolation and widespread disintegration of both nucleus and cytoplasm. Most of the cultures exposed to these high concentrations died within the first day. Less concentrated solutions of the order of 1 : 50,000 to 1: 100,000-74 X 10-6 and 37 x 10-6 molar-allowed indefinite survival and successful suboultivation, although the outgrowth was smaller than in normal cultures. The number of mitoses was reduced by more than 50 per cent and more than 10 per cent of them were abnormial (Table II) . Most resting cells looked normal, but some showed signs of pycnosis, vacuolation and cytoplasmic disintegration.
Concentrations as low as 2 x 10-6 to 10-6 g./ml. (or 74 X 10-7 to 37 X 1O7 molar) still caused a maiked reduction in the number of mitoses, ranging from 25 to 50 per cent in the first 24 hours (Table II) . There was, however, almost no visible effect upon resting cells, and the area of the outgrowth was not significantly decreased by the treatment until some 48 hours after exposure (Fig. 21) After 48 hours' growth without subcultivation, total mitotic counts were found impracticable because of abundant cell overlapping, especially in the control cultures. At this stage the treated cultures showed no sign of recovery, but on the contrary there was a visible difference in the area of the outgrowth as compared with the controls. This was measured with the aid of a camera lucida as shown in Fig. 21 .
The statistical analysis of the original figures was done in collaboration with Dr. D. V. Lindley using test " t" for P = 005, the X2 analysis of contingency tables and the analysis of the variance on the square root of the counts. The effect of treatment on the total number of mitoses was significant in Experiments 1, 2 and 3 as well as the decrease in area in Experiment 4 but there was no quantitative residual effect after transferring the explants to a fresh medium in Experiment 5. The effect on the occurrence of each phase of mitosis was not significant except for a small increase in pro-and metaphase in Experiments 3 and 4.
The more frequent types of abnormalities caused by treatment with low concentrations of the mustard were clumping and scattering of chromatin in pro-and metaphase (Fig. 7, 8, 9 ), but ana-and telophase abnormalities were also found ( Fig. 11 to 16 ), notably after 48 hours. The percentage of abnormal pro-and metaphases taken together was approximately 35 per cent after 24 hours and 20 per cent after 48 hours, while the number of abnormal ana-and telophases was only 4 per cent after 24 hours and reached 12 per cent after 48 hours.
In spite of the normal appearance of the resting cells, all the evidence obtained from the counts points to the fact that almost 100 per cent of the inhibitory action was exerted during interphase. The deviation in the proportions of proand metaphases found in some experiments accounts for less than 3 per cent and 1-5 per cent of all mitoses respectively. The phase distribution would still have remained unaltered, of course, if all stages had been retarded in exactly the same proportion, but the film analysis showed that this was not the case. Low power phase-contrast cinemicrography.
The number of dividing cells per hour was counted throughout the duration of the experiment-12 to 24 hours. This was averaged and expressed as a percentage of the total number of cells present in the first frame (Table III) . Growth was partly inhibited by very low concentrations of nitrogen mustard (10-6 g./ml.), and was almost arrested with higher concentrations (2 x 10-4 and 5 x 10-5 g./ml.), when the cultures died within the first 12 hours. The toxic effect of such high doses is shown in Fig. 17b .
A good approximation of the duration of one individual mitosis can be obtained by the analysis of low power films. The chromosomes not being resolved, judgment of phase boundaries rests mainly on changes of shape and refringence (Fig.  18) .
The average times for the stages of normal mitoses under these conditions were:
Pro + Metaphase, 20 minutes. Anaphase, 5 minutes. Telophase, 12 minutes.
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No difference was found between the duration of 10 normal mitoses photographed during the first 5 hours and the last 5 hours of an experiment, nor between peripheral and central cells. Thus the possibility of delay in division being due to ageing or to cell crowding was excluded. These phase-times were not significantly altered in the cultures treated with concentrations of 10-6 g./ml., although occasionally a cell might remain rounded up for more than double the normal time. With higher concentrations-10-5 and 2 x 10-5 g./ml.-the proportion of delayed divisions was increased, and in one film reached up to 20 per cent of the recorded instances. Delay was mainly confined to the " rounding-up " period, which was sometimes four times as long as the normal duration (80 instead of 20 minutes). Some cells, however, remained rounded up indefinitely, without showing any signs of anaphase movements. They probably represented the arrested metaphases observed in fixed and stained preparations and in high power phase-contrast films. In one culture treated with a 10-5 g./ml. solution a cell remained rounded up for 60 minutes, then elongated and continued thus for another 45 minutes, when it again rounded up. A similar case was recorded under high magnification (see below). Six cells could be followed from one division to another in the control cultures. The intermitotic period varied from 5 to 20 hours, with an average of 10-6 hours. Cells in the middle had a longer resting stage than cells in the periphery of the outgrowth.
In the treated cultures no cell could be found to divide twice in one film (20 to 24 hours), but due to the scarcity of cell divisions it was not possible to decide whether the resting stage was prolonged or whether cells were prevented from dividing again. High power phase-contrast cinemicrography.
The results have been reported elsewhere by Hughes (1950) , and I shall only briefly summarize them here. As might have been expected from the observations reported in previous chapters, many of the individual cells examined behaved normally even in relatively high concentrations of the agent (Experiment 10, Table IV ). Of 13 individual sequences recorded in cultures treated with concentrations ranging from 2 x 10-5 to 10-6 g./ml., 7 showed some signs of abnormality; in 3 cleavage was imperfect, distorted or delayed, and in 4 metaphase was retarded or completely inhibited. One cell in which recording started when metaphase was well advanced (Experiment II, Table IV) remained in metaphase with active bubbling for another 20 minutes and then the nucleus reconstructed without cell division (Fig. 19a and b) . Another remained in metaphase throughout the duration of the film I hour 7 minutes 30 seconds-with random chromosome movements and very active bubbling, but no signs of spindle-formation. Other unrecorded instances of arrested metaphases were observed in cultures treated with concentrations of 10-g. /ml. or higher. In every experiment the subsequent survival of the cultures was controlled by keeping other cultures identically treated in the incubator for 24 to 48 hours. Concentrations which killed the cultures were not used in these experiments.
It may be concluded, therefore, that under the conditions of the experiment many dividing cells escaped the immediate effect of the poison, and that when an effect was produced it usually appeared in metaphase and occasionally during cleavage. The effect of R 128 in reducing the number of mitoses under the experimental conditions previously defined is very significant even with small concentrations. From the analysis of the effect of low concentrations it may be inferred that (a) this effect is exerted mainly during interphase; (b) the action upon dividing cells End of film .
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is on the whole negligible; when it exists, it appears chiefly in pro-and metaphase during the first 24 hours and begins to be significant in anaphase after this period; (c) the interphase effect is not evidenced by morphological changes in the resting cells, while the mitotic effect is often, though not invariably, accompanied by cytological abnormalities; and (d) the residual effect on growth is quantitatively not significant. Lasnitzki (1940) found inhibition and retardation of prophase during the first 24 hours after exposure to small doses of X rays, in close similarity to what was found in some of our experiments. This immediate effect, as well as the metaphase abnormalities seen in fixed preparations and in the film recordings made shortly after the addition of the agent, are unspecific since they are also produced by mustard gas (Hughes and Fell, 1949) and by other " spindle inhibitors " (Hughes, 1950) . Arrest of mitosis in interphase by nitrogen mustards has also been reported by Bodenstein (1947) in the embryonic ectoderm. The pycnosis and vacuolation of resting cells do not warrant discussion here since they were obtained with concentrations near or above the lethal. Similar toxic effects on chick fibroblasts were described with an aliphatic mustard by Fell and Allsopp (1949) in a wartime report.
The relative increase of anaphase abnormalities during the second 24 hours is of interest in connection with recent work by Loveless and Revell (1949) , who found a significant increase in the rate of chromosome breaks and reunion in Vicia after a latent period following exposure to both aliphatic and aromatic nitrogen mustards, including R 128. Unfortunately the resolution obtainable with chick material is not sufficient to discriminate between chromosome fragments and small laggards (Fig. 14) . Two types of effects have been observed in the present investigation, one functional, i.e., retardation of mitosis, and one structural, i.e., chronmosome abnormalities, the former suggesting a disturbance of an enzymatic process (Boyland, 1950; Barron, Bartlett and Miller, 1948a; Barron et al., 1948b) , the latter being perhaps more readily explained by direct linkage of the mustard with a structural protein or nucleoprotein (Goldacre, Loveless and Ross, 1949; Loveless and Revell, 1949; Loveless, 1951 ; Butler, Gilbert and Smith, 1950; Gilbert, Overend and Webb, 1951) . Although it is beyond the scope of this work to discuss the chemical aspects of the problem, it may be pointed out that these two current views on the mode of action of nitrogen mustards need not be mutually exclusive, since several enzymes have now been demonstrated in the nucleus and in the chromosomes and tryptophane-containing proteins have been isolated from chromosome material. One may venture to speculate that if a large part of the protein skeleton of the chromatid or the spindle fibre were contributed by the enzymes which control mitoses, by analogy with the role of adenosinetriphosphatase in the myofibril, then both the functional and the structural effects could respond to the same mechanism, or even, perhaps, be exerted on the same protein.
SUMMARY.
The action of p-amino-N-N-di (2-chloroethyl) aniline in concentrations of 2 x 10-4 to 10-6 g./ml. on the growth of tissue cultures was studied by mitotic counts and phase-contrast cinemicrography.
In every experiment a marked decrease of dividing cells was observed. High concentrations kill the cultures and produce gross cytological abnormalities in both dividing and resting cells. With dilute solutions a large proportion of cells are prevented from entering mitosis, but no pycnosis or vacuolation appears. This effect is exerted mainly during interphase. Pro-and metaphase abnormalities are conspicuous and ana-and telophase abnormalities rare during the first 24 hours, anaphase abnormalities increasing after this period. The duration of the first two phases is significantly prolonged in some cells. Cultures recover from these effects when transplanted into a fresh medium after 48 hours and hardly any residual effect can be detected. The possible implications of these findings are briefly discussed.
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